The authors have generated two-dimensional foams by imposing an intermittent drainage in a Hele-Shaw cell partially filled with a detergent/water mixture. The foam generation associated with this process is reproducible and depends on the surfactant molecules composing the solution. A kinetic model can be proposed for the foam evolution. The structure of the foam is also investigated: the average bubble side number and correlation functions are measured. Distinguishable behaviors are observed for different surfactant molecules. This way of producing a foam is thus adequate for applied foam structure characterizations and fundamental studies.
Many industrial processes involve the production or handling of emulsions and foams: from dish washing liquids to fire fighting agents. Depending on the application, similar products should or not generate foams when handled. From the first stages of elaboration, the foaming properties of any surfactant molecule are thus considered. However, a general lack of methodology for foaming capability measurements has to be noted. Within this context, we have recently studied foams and emulsions produced by mechanisms such as shaking 1 or vibrating. 2 Particularly, we have demonstrated that applying successive flips to a container partially filled with a surfactant/water mixture generates a foam composed of many bubbles, following predictable statistical laws.
In the present letter, we show that producing foams by flipping not only permits a reproducible generation of foams but also but also appears as an elegant method for characterizing foaming capabilities and foam structure. Differentiation of foaming agents can be done based on the proposed parameters.
The experimental setup has been fully described in Ref. 1 . It consists of a Hele-Shaw ͑HS͒ cell which is fixed to a horizontal axis for controlled rotations. The cell is first partially filled ͑6 ml of liquid͒ with the detergent/water sample ͑concentration of 0.01% of active ingredient, tap water͒. Flips are performed at a typical velocity of two rotations per second such that no liquid motion is observed inside the cell until it stops. At this moment, the gas/fluid interface destabilizes, causing small droplets to fall down through the cell. Due to wetting onto the walls, they create thin liquid films. The droplets also deform the top surface of the bubbles they meet and eventually lead to bubble splitting. As a consequence, the number of bubbles in the HS cell grows exponentially with the successive flips. A foam is thus generated. At the same time, drainage along bubble edges commences due to gravitational forces. Between each upside-down flip, the HS cell is left at rest for 10 s, which is sufficient for the foam to drain 3, 4 and for all topological rearrangements 5 to occur. An image of the cell is then taken in order to automatically recognize all bubbles and to measure their size, the position of their center of mass, and their number of nearest neighbors. In Fig. 1 , we present the number N of bubbles in the cell as a function of the number of flips n f for the three different surfactant molecules we will use as models for this letter: paraffin sulfonate ͑PS͒, sodium lauryl sulfate ͑SLS͒, and sodium laureth sulfate ͑SLES͒.
6 Figure 2 shows typical configurations corresponding to these agents. Qualitative observations reveal that the generated foams present large differences in bubble numbers and structure. Particularly PS, known as a bad foaming agent, exhibits a strong heterogeneity with very large bubbles surrounded by many clusters of small ones.
A quantitative comparison between different surfactant foamabilities can be performed from the evolution of the number of bubbles composing the foam. As shown in Fig. 1 , all curves saturate after a finite number of flips. Following a kinetic model for the splitting process, an evolution law can be proposed,
where is related to the amount of liquid surrounding each bubble and a is a free fitting parameter giving the splitting rate of the bubbles. Fits using this law have been performed and are proposed in has to be noted. The values of the relevant fitting parameters are given in Table I While the ability of foaming appears to be the most important factor from a customer point of view, the foam stability also plays an important role in various applications. However, the foam lifetime is directly related to the foam homogeneity, since gas diffusion and avalanches occur in evolving foams. 7, 8 The foam homogeneity can be expressed in terms of size distribution or spatial organization. In the present study, bubble sizes appear to be gamma distributed and the distributions peak more along the successive flips. 1 For characterizing the spatial homogeneity of the bubble repartition inside the foam, i.e., the structure of the foam, we propose to analyze the neighborhood of each bubble. We will first consider an Aboav approach [9] [10] [11] for determining the topological properties of the foam. Then, we will focus on correlation functions in order to emphasize the presence/ absence of clusters and aggregates.
Since the experimental setup we use is finite, the mean number of sides of the bubbles may differ from 6, as required by Euler's law. 4 As the foam is generated, the bubbles become smaller, reducing somehow this finite-size effect. As illustrated in Fig. 3 , the probability distribution function ͑n͒ for the number bubble sides evolves through the foam generation. More particularly, the central peak of the distribution grows from a very small value ͑only a few bubbles are present in the cell͒ to a value close to 6. In the same picture, solid curves represent fits using a Gaussian curve. They give ͗n͘Ϸ3, 5, and 6 as the integer values of the peak position of ͑n͒ after 3, 15, and 30 flips, respectively.
Spatially heterogeneous foams present some clustering of small bubbles. Isolated large bubbles surrounded by very small ones are also observed ͑see Fig. 2 in the case of PS͒. This property can be emphasized by plots of the second moment 2 of the distribution function ͑n͒. As shown in Fig. 4 , all curves commence with a rapid growth before relaxation. The first part corresponds to an adaptation time of the system while the relaxation reveals the limitation of the finite-size effect as bubbles become smaller. At the beginning, only a few bubbles are present, leading to small 2 values. As bubbles are generated, former bubbles split according to their size and position. Large values of 2 are thus observed. Afterward, the system reaches its maximal evolution rate, which corresponds to the inflection point in N͑n f ͒ curves ͑see Fig. 1͒ . A relaxation of 2 is then observed due to the presence of similar bubbles in the system. These measurements are robust and relevant differences between asymptotic values are observed ͑see Table I͒ . Paraffin sulfonate, for instance, exhibits wider distributions even after a large number of flips. This is clearly in agreement with direct observations of a nonhomogeneous foam for PS ͑see Fig. 2͒ . Clusters of similar bubbles can be revealed by measuring the correlations between pairs of bubbles apart from a given distance. Measuring the probability p͑r͒ of finding two bubbles of the same size R at a distance r defines a correlation function. Typically, this function behaves like 12, 13 
where is called the correlation length and ␣ is a parameter depending on the dimension d of the system. Herein, ␣ is fixed to one-half. In Fig. 5 , we report this probability p͑r͒ as a function of the distance r. The bubble size R we have considered here is 20% of the mean bubble size. At a short distance from the bubble, the curve corresponding to PS has twice the values of the other products. This evidences the presence of large clusters of small bubbles within the cell. At larger distances ͑r Ϸ 8 cm͒, the same PS curve presents a slight decrease after growing again. The clusters of small bubbles are thus separated by larger bubbles. Direct observation of Fig. 2 shows that clusters are indeed dispersed in the cell. The values of the correlation length obtained from data fit are reported in Table I , evidencing a shorter correlation length for PS than for SLS and SLES.
In summary, we have proposed a simple and reproducible method for characterizing the foamability and the structure of surfactant molecules. Apparently similar foams have been quantitatively compared with different parameters. Foamability has been described in terms of a characteristic rate a and an amount of stacked liquid . The foam structure has been approached by the bubble side number through 2 and a correlation length . In the future, collapsing foam left at rest in the cell could also be studied. Beside the scientific interests, this easy-to-set procedure would be useful for many applied applications such as industrial tests on detergent agents.
